ABSTRACT The small genus Trichorhynchiella Fain, 1995, including two species of permanent bird ectoparasites belonging to the family Harpirhynchidae (Acariformes: Cheyletoidea), is revised. The generic diagnosis is emended. The type species, Trichorhynchiella paddae Fain, 1995 from Lonchura oryzivora (L., 1758) (Passeriformes: Estrildidae) from Southeast Asia and Trichorhynchiella phleocryptes sp. n. from Phleocryptes melanops (Viellot, 1817) (Passeriformes: Furnariidae) from Argentina are redescribed and described, respectively. The phenomenon of ovoviviparity inherent to females of this genus is brießy discussed. In almost immobile physogastric females of Trichorhynchiella, ovoviviparity eliminates necessity to attach eggs to the host body.
The genus Trichorhynchiella Fain, 1995 (Acariformes: Harpirhynchidae) was established for one species, Trichorhynchiella paddae Fain, 1995 , an ectoparasite of Lonchura oryzivora (L.) (Passeriformes: Estrildidae) from Southeast Asia (Fain 1995) . Like all representatives of the subfamily Harpirhynchinae, mites of this genus are permanent, highly specialized parasites of birds (Skoracki et al. 2012) . The short original description of T. paddae is based on one slightly damaged female. No additional records of this species or genus have been reported since that description.
In the collection of the late Prof. Alex Fain, housed in the Institut Royal des Sciences Naturelles de Belgique (Brussels, Belgium), we found undescribed immature stages of T. paddae collected simultaneously with the holotype. Moreover, the original species and generic diagnoses provided by Fain (1995) are not complete.
Herein, we provide an emended generic diagnosis of Trichorhynchiella, redescription of its type species, including the immature stages, and description of a second species of this genus from a host of the family Furnariidae (Passeriformes). The phenomenon of ovoviviparity exhibited by females of this genus is brießy discussed.
Parasitism of Trichorhynchiella spp. on hosts of such phylogenetically and geographically distant passerine families as Estrildidae (Old World tropics) and Furnariidae (neotropics) indicates that these mites could be associated with many lineages of tropical passerines. It is likely that these mites have not yet been recorded on other passerines only because of their rare occurrence and difÞculty of collection.
Materials and Methods
New specimens of mites were mounted in HoyerÕs medium. Specimens were studied using a Leica microscope with phase contrast optics. Drawings were made with a camera lucida and measurements taken using a calibrated ocular micrometer. The leg and idiosomal setation follow Grandjean (1939 Grandjean ( , 1944 as adapted by Kethley (1990) . Palpal setation follows Grandjean (1946) . All measurements are given in micrometers (m) and were taken according to the standard method (Bochkov et al. 2007) .
Specimen depositories and reference numbers are cited using the following abbreviations: BMOCÐB.M. OConnor reference number; IRSNBÐInstitut Royal des Sciences Naturelles de Belgique, Brussels, Belgium; UMMZÐMuseum of Zoology, University of Michigan, Ann Arbor, MI; ZISPÐZoological Institute, Russian Academy of Sciences, Saint-Petersburg, Russia. Bird taxonomy follows Clements et al. (2012) . Trichorhynchiella Fain, 1995 . Trichorhynchiella Fain, 1995 Type species: T. paddae Fain, 1995 , by original designation.
Results

Genus
Female. Gnathosoma moderately developed with full set of setae : vF, dF, dG, l"G, dTi, l"Ti, l"Ta, n, m, ao1, and elcp. Setae dF, dG, and l"G (palpalae sensu Fain 1995) scx, vi, ve, si, se, c2, h1, 1a, 1b, 3a , and g. Setae h1 situated on terminal lobes; setae g situated in anterior half of idiosoma. Legs inserted laterally. Legs I and II short, consisting of four articulated segments (genu and femur completely fused or partly separated). Posterior legs situated on posterior end of opisthosoma, legs III two-segmented, and legs IV one-segmented. Tarsi I and II with pair of welldeveloped claws and moderately developed empodium bearing tenent hairs. Leg I setation: trochanterÐv; femurÐd; genuÐwithout setae or with d, v, and l'; tibiaÐd, l', l", v', and v"; tarsus Ð u', u", a', a", p', p", tc', tc" , and solenidion 1. Leg II bearing same setae, except p' absent. Apical segments of posterior legs bearing at least six setae each.
Male. Unknown.
Prelarva (Included in Egg Shell;
Figs. 7C and D). Body widely rounded in outline, bearing pharyngeal opening and pair of short anterior projections probably homologous to legs I. Cuticle Þnely ornamented by interrupted lines.
Female Larva (Fig. 3 ). Gnathosoma moderately developed, with full set of setae except dF. Palpalae moderately thickened, grouped in apical part of segment. Idiosoma ovoid in outline, covered dorsally by striations and small scales. Dorsal shield distinctly developed, entire. Idiosomal venter transversely striated. Full set of idiosomal setae present, except 3a and g. Legs I and II inserted laterally, consisting of four articulated segments (genu and femur completely fused), well-developed. Tarsi I and II with pair of well-developed claws and moderately developed empodium with tenent hairs. Leg I setation: trochanter and femur-genu without setae; tibiaÐd, l ', l", v', and v"; tarsusÐu', u", a', a", p', p", tc', tc" , and solenidion 1. Leg II bearing same setae, except p' absent. Legs III one-segmented, inserted laterodorsally; this segment reduced to short knob bearing three setae much shorter than legs II.
Male Larva (Fig. 4 ). Similar to female larva but gnathosomal setae n absent and articular segment of legs III distinctly developed bearing whip-like setae much longer than legs II.
Protonymph. Unknown. Tritonymph. Known only from generally featureless cuticle containing pharate females (Fig. 7A) .
Species Included. T. paddae Fain, 1995 and Trichorhynchiella phleocryptes sp. n.
Host Order. Passeriformes (Estrildidae and Furnariidae).
Distribution. Southeast Asia and South America.
Remarks. This genus is very close to the monobasic genus Anharpyrhynchus Fain, 1972 , including only Anharpyrhynchus monstrosus (Fritsch 1954 ) from various passeriform birds (Skoracki et al. 2012 . In females of both these genera, legs I, II consist of four articulated segments, their tarsi with claws and ciliated empodium; the vulval fold is located in the anterior half of the idiosoma, the dorsal idiosomal surface is densely granulated, the apical segments of legs III and IV bear six or more setae. The genera differ from each other by the following characters. In females of Trichorhynchiella, the idiosoma is sacciform, bears a pair of the terminal lobes; legs IV are situated terminally. In females of Anharpyrhynchus, the idiosoma is domeshaped and devoid of distinct terminal lobes; legs IV are situated dorsally and modiÞed into large lobes.
In our material, tritonymphs-containing larvae are absent but we assume that form with better developed legs III represents male larva based on evidences from the genus Neharpirhynchus (Moss et al. 1968 ). Fain (Figs. 1, 2, 3, 4, and 7C and D) Trichorhynchiella paddae Fain, 1995: 99, Figs. 81Ð 84 . Figs. 1 and 2 ). Idiosoma 650 in length in midline, 720 in width (Fig. 1) . Gnathosoma Ϸ100 in length and 160 in width, accidentally turned in dorsal position therefore palpal length not measured. All palpalae narrow and distinctly pectinate, dF 60 in length, dG 55 in length, l"G 50 in length ( Fig. 2A) . Setae vF smooth, 50 in length. Peritrematal branch Ϸ80 in length. Dorsal idiosomal surface with two large, broad lateral areas covered by oval granules; area behind gnathosoma and posterolateral regions of dorsum covered by striations accompanied by small rounded granules. Dorsal shield absent; median part of cuticle covered by interrupted longitudinal striae. Propodonotal setae 75Ð90 in length, serrate. Setae h1 smooth, 50 in length, located dorsally at bases of terminal lobes. Terminal lobes Ϸ120 in length. Idiosomal venter with 1 pair of soft and strongly stretched projections in median part ßanking slit of vulval complex. Vulval slit 480 in length. Setae 1a, 1b, 3a, and g short, 15Ð20 in length and smooth. Distance between bases 1a and vulval fold 200. All tactile setae of legs I and II smooth or almost indistinctly serrate, Þliform, except p'I and p"I-II eupathidia (Fig. 2BÐD) . Solenidia 1I and 1II almost straight, subconical, 11Ð12 in length. Genua I and II without setae. Basal segment of legs III without setae; apical segment 40 in length and 30 in width, with six setae Ϸ150 in length. Articulated segment of legs IV 70 in length and 40 in width, with 10 setae, 150 Ð200 in length.
Trichorhynchiella paddae
Female (Holotype,
Type Material. HOLOTYPE female (IRSNB) ex Lonchura oryzivora (L., 1758) (Passeriformes: Estrildidae) (base of feather) originating from Southeast Asia, died in preliminary quarantine at Antwerp Zoo 28-VII-63, coll. A. Fain.
Additional Material. Two prelarvae without eggshell, three male (one in egg) and four female (two in eggs) larvae (IRSNB) with same data as holotype. (Figs. 5, 6, and 7A and B) Female (Holotype, Figs. 5Ð7A). Idiosoma 660 in length in midline (650 Ð 680 in 9 paratypes), 700 in width (700 Ð730 Fig. 5 ). Gnathosoma Ϸ140 in length and 170 in width. Palps Ϸ100 in length. All palpalae thickened, with 7Ð9 tines, dF 25Ð27 in length, dG 23Ð25 in length, l"G 35Ð38 in length (Fig. 5C ). Setae vF smooth, 55Ð 60 in length. Peritrematal branch Ϸ100 in length. Dorsal idiosomal surface with large propodonotal shield, Ϸ450 in length in midline and 400 in width. Posterior margin of this shield with one pair of soft projections Ϸ50 in length; distance between these projections Ϸ60. Lateral parts of idiosoma dorsally striated-granulated. Propodonotal setae 100 Ð 110 in length, serrate. Setae h1 smooth, 200 in length, located ventrally at apices of terminal lobes. Terminal lobes not clearly separated from idiosoma, short. Idiosomal venter without projections in median part. Slit of vulval complex Ϸ500 in length. Setae 1a, 1b, 3a, and g short, 20 Ð25 in length and smooth. Distance between bases 1a and vulval fold 50. Legs I and II covered ventrally by anteriorly directed soft cuticular projections. All tactile setae of legs I and II smooth or almost indistinctly serrate, Þliform, except p'I and p"I-II eupathidia (Fig. 2BÐD) . Solenidia 1I and 1II almost straight, subconical, 15Ð17 in length. Genua I and II with 3 setae each (Fig. 6) . Basal segment of legs III with one seta, Ϸ250 in length; apical segment 45Ð50 in length and 80 Ð100 in width, with 14 setae 200 Ð250 in length. Articulated segment of legs IV 90 Ð100 in length and 80 Ð90 in width, with 14 setae, 150 Ð200 in length. Holotype and seven female paratypes in UMMZ, two female paratypes in ZISP.
T. phleocryptes new species
Etymology. The species name is derived from the generic name of the host and is a noun in apposition.
Remarks. Females of this new species differ considerably from the type species by the following characters. In T. phleocryptes sp. n., the propodonotal shield is present, the palpalae are thickened, genua I and II bear 3 setae, the preapical segment of legs III bear 1 seta, the apical segments of legs III and IV bear 14 setae each. In T. paddae, the propodonotal shield is absent, the palpalae are not thickened, genua I and II are without setae, the preapical segment of legs III is without seta, the apical segments of legs III and IV bear 6 and 10 setae, respectively.
Discussion
Females of the genus Trichorhynchiella have been collected at the feather bases of the host and are enclosed by the tritonymphal exuvium (Fig. 7A) . 
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Among Harpirhynchidae, the same feature is observed in females of the genera Anharpyrhynchus and Neharpyrhynchus (Fritsch 1954) . The body of these females is strongly hypertrophied (physogastric). In harpirhynchid females, physogastry increases egg production but makes the females almost immobile. As a result, these females are not able to move about (dispersion is a function of immature stages) and attach their eggs over skin or feathers of their host, as observed in most other harpirhynchid genera. Females of the genus Neharpirhynchus attach their eggs in an unusual way in that eggs are glued to each other forming a small column. In this column, the basal (most recently laid) egg is attached to the female vulval complex. The apical part of the column is formed by empty egg chorions (Fritsch 1954, Martinu al. 2008, Bochkov and Literak 2011) . Females of the genus Anharpyrhynchus deposit eggs into an "individual cyst" formed by the tritonymphal exuvium, and thus eggs hatch directly into a tritonymph (Fritsch 1954) . Possibly this is also a characteristic feature of T. paddae. The larvae, eggs, and eggshells of this species were probably collected by Fain from a destroyed cyst containing one known female. Females of T. phleocryptes show phenomenon ovoviviparity. Multiple larvae (up to Þve specimens) hatch directly inside the female body (Fig. 7B) and leave it via the very long slit of the vulval complex. It is unknown whether or not females survive after such ovoviviparity (multiovoviviparity), which is probably obligate.
The phenomenon of ovoviviparity is reported in acariform mites of various phylogenetic lineages (Walter and Proctor 1999) . However, we limit the deÞnition of ovoviviparity to the cases of mites hatching in the living female only. Ovoviviparity can be occasional, facultative, or obligate. Reasons for occasional ovoviviparity can sometimes be explained by female senility, as has been demonstrated for some Eriophyidae (Navia et al. 2005) , or by developmental aberrations observed, for example, in several taxa of Sarcoptoidea (A.V.B., unpublished data).
Facultative ovoviviparity is known among Oribatida (Søvik 2003) . It has also been recently recorded in representatives of the family Scutacaridae (Heterostigmata); however, it is unclear whether facultative ovoviviparity is an adaptation to unfavorable environmental conditions or only represents age-related cases discussed above (Jagersbacher-Baumann and Ebermann 2013).
Obligate ovoviviparity is considered an adaptation to temporary habitats, patchy distribution of food resources, and protection of eggs from predators or from unfavorable conditions (Athias-Binche 1994). Such cases of obligate ovoviviparity have been repeatedly documented in Oribatida and arthropod-associated Heterostigmata (Norton 1994, Krantz and Walter 2009) . A single case of ovoviviparity among water mites recorded in Ignacarus solarius Moreno et al., 2008 (Parasitingona: Hydryphantidae) may be an adaptation allowing avoidance of oviposition on a substrate that is quickly covered by crystallized salt (Moreno et al. 2008) . Similarly, ovoviviparity in endoparasitic mites of the families Gastronyssidae, Lemurnyssidae, and Pneumocoptidae inhabiting the mammalian respiratory tract is, probably, a way to avoid egg ablation by mucus (Bochkov et al. 2008) . In harpirhynchids, ovoviviparity eliminates necessity to attach eggs to the host body. In some astigmatan mammalian parasites, such as Chirodiscidae from fur of mammals (Fain 1971) , Rhyncoptidae living in hair follicles (Fain 1965) or some species of the genera Teinocoptes and Cynopterocoptes (Sarcoptidae) inhabiting skin of bats (Klompen 1992) , the reasons for ovoviviparity are not clear but could also be common with Harpirhynchidae.
